ACCORDING to the classical precepts which have long governed the functional tests of hearing, the tuning fork tests of Schwabach, Rinne and Weber make it possible to effect a reasonably clear-cut distinction between nerve or perceptive deafness, as it is often termed, and deafness due to disease of the sound-conducting mechanism of the middle ear.
discussed. These two groups have been selected since they exhibit in their pathological anatomy that very difference to which we look to provide a test of our diagnostic criteria. In one group, Meniere's disease, there is good reason to believe that the disturbance of cochlear function is due to an affection of Corti's organ. In neurofibroma, on the other hand, it is known that there occurs a degeneration of the cochlear nerve fibres.
The pathology of eighth nerve neurofibroma has been well described by Cushing (1917) , Henschen (1915) and others, and particular mention must be made of the observations of Hardy and Crowe (1936) upon the early stages of its development. The tumours fill the internal auditory meatus, and bring about a gradual pressure destruction of the fibres of the eighth nerve with resulting deafness and loss of the vestibular responses. A point of particular interest is the degeneration of the spiral ganglion within the cochlea, although Corti's organ is as a rule well preserved, a point which has also been established with particular clarity in the case of experimental section of the eighth nerve in animals. These studies are of particular importance since the vastly superior methods of fixation which are possible in animals establish beyond any doubt the anatomical integrity of the haii cells of Corti's organ which follows a lesion of the eighth nerve.
It can therefore be said in summary that neurofibroma of the eighth nerve leads to diffuse degeneration of the fibies of the cochlear nerve with preservation of Corti's organ. This statement must be amplified in one important respect. If the neurofibroma or operation of eighth nerve section interferes with the blood supply of the cochlea, then Corti's organ is affected, and various degrees of necrosis are to be seen in it and in other cochlear structures.
In the case of Meniere's disease, as the term is now used, there is found a very different state of affairs. The primary change within the labyrinth is a distension of the endolymph system. This has been found in all of the 5 cases which we have had the opportunity ofexamining, and it has been found, too, in at least a dozen cases examined by other observers. Many of these have described Corti's organ as being normal, but in 3 of our own cases very striking changes have been present. Figs. 1 and 2 show Corti's organ in 2 of these cases. In fig. 1 the cells have undergone a striking compression and Coiti's tunnel is occupied by a structureless coagulum. In fig. 2 the same striking compression of the cell mass is to be seen. In addition the normal staining differentiation between cytoplasm and nuclei has been obliterated. No doubt can be entertained concerning the significance of this change in Corti's organ in these 2 and in 1 other of our cases, and their importance would appear to be very great. For a full discussion of these changes and their relationship to the deafness of Meniere's disease, reference should be made to a previous communication (Dix et al., 1948) .
It is important to add that in none of our cases have we observed any changes in the peripheral cochlear nerve fibres, or in the cells of the spiral ganglion.
In summary it can be said that while in many cases of Meniere's disease the organ of Corti may appear normal, nevertheless, in such cases there are likely to be present certain submicroscopic residua of the gross changes revealed in 3 of our cases, and it is to these submicroscopic changes that must be attributed the deafness which in Meniere's disease persists between the attacks. In short, therefore, we are able to say that in eighth nerve neurofibroma the anatomical structures affected are the cochlear nerve fibres, the hair cells being preserved, (1936) , by Steinberg and Gardner (1937) and others. We have also described it briefly in our previous communication (Dix et al., 1948 The application of the test procedure is shown in fig. 3 . The subject wears a pair of telephone receivers, each supplied by a separate pure-tone audiometer, or preferably by a single audiometer with arrangements for independent adjustment of the intensity in the two receivers. The frequency of the sound stimulus is the same in each receiver, and the tester switches it alternately from left to right. The purpose of the test is to ascertain and mark upon the ladder diagram two series of intensity levels, one for the right ear and one for the left, each intensity level for the right ear being connected across the diagram with the level for the left ear found by experiment to give a sensation of equal loudness.
The figures given on the diagram represent decibels above the normal threshold. The subject is a normal one, and equal intensities above threshold give equal loudness sensations in the two ears. The rungs of the ladder, therefore, lie horizontally from bottom to top.
In fig. 4 In other words, the deafness of the affected ear present at threshold disappears at higher intensities, and this, in its simplest terms, constitutes the phenomenon of loudness recruitment.
There is general agreement by all who have since investigated the loudness recruitment phenomenon that it is absent in deafness due to uncomplicated middle-ear disease, so-called conductive deafness. On the other hand, it has frequently been demonstrated in a wide variety of disorders of the internal ear and cochlear nerve, including Meniere's disease, which are collectively described as "nerve deafness " and it has come, therefore, to be regarded in a somewhat uncertain manner as a valuable indication of "nerve deafness', using the term in the same wide sense connoted by the old tuning-fork tests.
The loudness recruitment diagrams. It will be seen that in all 3 the sensitivity loss of the affected ear at threshold is maintained at all intensity levels and this is the result generally found in degeneration of the cochlear nerve due to eighth nerve neurofibroma. In a few cases, partial recruitment is found to occur and to this we shall refer again. In only 1 case have we encountered complete recruitment.
Summarizing these findings, it can be said that in Mdniere's disease with disorder of the hair cells loudness recruitment is always present. It is generally complete, and over-recruitment is not very uncommon. In eighth nerve neurofibroma, however, loudness recruitment, hitherto described as being uniquely distinctive of nerve deafness, is characteristically not present at all. Instead, there occurs a type of response which is much more in accordance with that found in middle-ear deafness.
In a proportion of cases, however, an incomplete degree of recruitment is found to be present. This we think likely to be due to some degeneration of the hair cells, secondary to involvement of the cochlear blood supply by tumour pressure.
It will therefore be seen that the first of the new criteria, the Loudness Recruitment Test generally makes possible a clear distinction between nerve deafness due to disease of the end-organ and nerve deafness due to disease of the cochlear nerve fibres.
Consideration may next be given to the second of the new criteria. The Intelligibility Test for amplified speech.-Otologists have for many years been much interested in the way in which deaf patients vary in their ability to hear speech and to understand it. In general they harve come to recognize that in nerve deafness, as assessed by the old criteria, inability to understand speech tends to be out of proportion to the threshold sensitivity loss or deafness. This means, in effect, that while such patients hear the sounds of speech, their capacity to understand them is disappointingly low. With conductive deafness, however, this disproportion between hearing and understanding is not present. If, in fact, the sounds of speeoh can be made to reach the cochlea at all, they seem in general to be well understood.
Otologists have also come threocreoi that in te former group, restoration of intelligibility, as, for example, by means of hearing aids, tends to be inadequate. In the latter group however, hearing aids are generally very successful in restoring intelligibility. which shows that in the case of conductive deafness the unaided hearing capacity, "intact hearing" is small and that practically all of the hearing loss is regained by means of hearing aids, leaving only a small fraction which may be termed residual hearing loss. With nerve deafness, however, the unaided hearing capacity is very much larger, but comparatively little of the hearing loss is regained and the residual hearing loss is quite considerable.
It may, therefore, be said of these findings that they illustrate very well the truth of the generally accepted belief that deafness lends itself readily to alleviation by means of hearing aids when it is due to disease of the middle ear, but much less readily when it is due to disease of the nervous mechanism of the internal ear or cochlear nerve.
A further point which calls for consideration is the belief generally held by otologists that the pure-tone audiogram and the capacity to understand speech tend to be quite differently related in nerve deafness and in conductive deafness, and in this respect also a comparative study was made of the same two groups of subjects. For the evaluation of the pure-tone audiometric losses, w-e have made use of a development of the Sabine Percentage Hearing Loss Chart recommended by the American Medical Association (1942) . This is shown in fig. 9 . The values inscribed in each column are cumulative from above downwards. Thus, the value for the percentage of total hearing loss contributed by the hearing loss at any one of the four frequencies, 512, 1024, 2048 or 4096 cycles/sec. can be read directly from the chart, the figure in question being given in the square immediately above the level at which the hearing loss curve crosses the column concerned. Addition of the four cumulative values then gives the total percentage loss. -are not likely always to be related to the behaviour of the ear at intensities well above threshold. Direct measurement of speech intelligibility at different intensity levels is, therefore, a method which we have come to find indispensable. The method we have employed was devised in connexion with the work of the ElectroAcoustics Committee of the Medical Research Council (1947) . The patient is seated-with the ear under test at a fixed distance from a loud speaker. Recorded lists of words are then reproduced on the speaker by means of an amplifier system. The method used for recording the results is shown in fig. 10 In all cases the loss for speech is concisely expressed by the displacement of the curve to the left of the normal, as measured along the critical 40 % level.
In Case A, this displacement is 50 db. In Case B, 35 db. and in Case C 18 db. The results of the comparative study in our two groups of subjects of speech audiometry carried out in the manner described and of pui-e-tone audiometry evaluated in the manner of Sabine, is shown in fig. 11 in the form of a scattergram. As already stated, the otological findings in one group including the tuning-fork tests were characteristic of middle-ear deatness, and in the other, of "nerve" or perceptive deafness.
In fig. 11 the percentage losses as derived by the Sabine method from the pure-tone The distribution of the two groups of symbols reveals a systematic differentiation. Each of the vertical columns bounded by successive oTdinates can be regarded as a particular grade of speech deafness. In each such column the symbols are widely distributed, dots lying well above the crosses. In other words, a particular grade of speech deafness is compatible with a degree of pure-tone deafness which tends to be higher if it is due to a middle-ear lesion than to a nerve lesion.
Conversely, each horizontal band of the chart may be regarded as a particular grade of pure-tone deafness. In each such band, the dots or middle-ear symbols are well to the right of the crosses or nerve symbols. In other words, in any one grade of pure-tone deafness the deafness for speech tends to be less if it is due to a middle-ear lesion than to a nerve lesion. These results confirm and systematize the generally-held belief that without knowledge of the pathological basis of the deafness, i.e., whether it is of the "conductive'' or "nerve" type, pure-tone audiometric findings cannot reliably be related to the hearing capacity for speech. They exemplify, too, the general truth of the belief that in nerve deafness, as assessed by the old criteria, loss of intelligibility for speech tends to be disproportionately larger than the pure-tone audiometric loss, and tends also to be disproportionately larger and more difficult to compensate by means of hearing aids. This does not, however, apply to all of our cases of "nerve" deafness as will readily be seen from the situation of some of the x symbols in the scattergram, and a closer analysis of the anatomical basis of our cases of "nerve" deafness has, therefore, been attempted by means of systematic application of the speech audiometric tests in two groups of subjects in whom the deafness was due respectively to Meniere's disease and eighth nerve neurofibroma.
In fig. 12 is shown, for comparison, the unaided and aided speech audiogram of two cases of middle-ear deafness.
In Case A the speech deafness as measured at the critical level is 61 db. It will also be noted that the unaided curve lies approximately parallel to the normal curve, a point of considerable importance.
The aided curve shows very substantial displacement to the right, towards the normal unaided curve, the speech deafness, in fact, being reduced to 27 db.
With Case B a similar result is obtained. The unaided curve is of normal contour. It is displaced some 40 db. to the left of the normal curve. With an aid the speech deafness is reduced to 16 db. As would be expected, the aided curves reproduce in both cases the form of the unaided curves.
In fig. 13 In both cases, the unaided and aided curves lie parallel to the normal as shown in fig. 12 . With all four curves intelligibility continues to improve with amplification up to high levels and in both cases it is possible to bring the percentage score for ordinary conversation well above the critical 40% level.
It will be seen therefore that as with the first of our new criteria, so with the second. Quite different results are obtained in end-organ lesions and in nerve-fibre lesions. Both, therefore, succeed where the old criteria fail, in making clear the important distinction between these two conditions.
The principles which underlie the use of these new criteria for so useful an analysis of the anatomical basis of nerve deafness, are still far from being well understood. In certain particulars too, the facts themselves cannot yet be regarded as well established. This applies in particular to the reactions to amplified speech which are encountered in Meniere's disease. Speech audiometric curves, having the form displayed in fig. 13 , though highly characteristic of this disorder, are by no means always present. Indeed, some subjects of Menieire's disease, particularly in its quiescent phases, derive considerable benefit from hearing aids, although here, again, they practically all show a marked unwillingness to use these instruments, a clinical fact which is perhaps more distinctive of the condition than the results of audiometric or indeed any tests.
It is necessary finally to emphasize the remarkable way in which, both with the Loudness Recruitment Tests and with speech audiometry, the results obtained in nerve-fibre lesions approximate to those obtained in lesions of the conducting mechanism of the middle ear.
Some explanation for this resemblance has been offered in our previous discussion of the loudness recruitment phenomenon (Dix et al., 1948) and it is hoped that further light will be thrown upon it by the results of investigations at present in progress.
Clinically, the resemblance is of great practical importance, and helps to explain the serious diagnostic error which is still encountered of mistaking an early eighth nerve neurofibroma for early unilateral otosclerosis. In none of these cases was there any evidence of a previous otitis media. The membranes appeared normal and intact. In the history of the case there appeared to me to be a direct connexion between the disease mentioned and the incidence of the deafness. It appeared that these diseases exerted a direct toxic effect on the nerve cells of the cochlea or the nerve itself.
Eggston and Wolff [2] suggest that in the cases of perceptive deafness due to drugs, the lesion is an allergic reaction in the cochlea itself.
(2) Traumatic causes.-These cases are divided into 4 groups, roughly on the degree of trauma applied. In the case of the fracture of the skull and concussion (7 cases) the degree of trauma is the most severe. Next come the cases caused by explosions, bomb-blast and gunfire (12 cases). And the least in degree of irauma are those due to various occupations (11 cases).
